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glass can be worked in the blowpipe. Seger also studied the effect of alumina very thoroughly and found that it increases the fusibility, makes the glass easier to work, and greatly reduces the tendency to devitrify or crystallise. Many manufacturers have also found that the presence of a small proportion of alumina greatly improves the working power of the glass. It has hitherto been difficult to explain satisfactorily how so small a proportion of alumina (seldom more than 3 or 4 per cent.) could make so much difference. Various theories of catalytic action, etc., have been proposed, but the position of the two aluminium atoms in the foregoing formulae explain the effect of the alumina on the glass far more simply and satisfactorily than any previously published theories: it binds the silicon rings together in a firmer manner than when no alumina or corresponding sesquioxide is present.
The use of these formulae also explains the curiously anomalous behaviour of alumina in glass. All the earlier writers on glass manufacture protested strongly against the use of alumina as making glass more difficult to fuse and increasing its tendency to devitrification. Later writers have expressed a different opinion, and Schott's experiments have shown that some alumina in a glass greatly increases its working properties and gives it special facilities for being worked in a blowpipe. The fact is that if the alumina present is sufficient to occupy the positions marked with a + in the foregoing formulas, the presence of it will be advantageous, but if it is otherwise combined it will facilitate the formation of alumino-silicates, and these are of an entirely different character to glass and have a much stronger power of crystallisation, as well as a higher fusing point. With very small proportions of alumina the + positions are occupied by this oxide, but with larger proportions other substances of an undesirable character are formed. The maximum proportion of alumina permissible can be calculated from the formula of the glass; experimentally, it is found to be less than 10 per cent, of the weight of the sand used.
These formulae also explain why glasses containing a small proportion of alumina are less attacked by chemical reagents than are alumina-free glasses. The form in which the alumina is added to the glass-mix is important; clays are unsuitable, the best form being felspar or sands containing felspathic matter. Pure alumina may also be used, if desired, but is more costly.
The well-known fact that glass is attacked by pure water more strongly than by acids, and more by weak acids than by strong ones, may be explained by the use of the foregoing formulae. It is probable that water alone causes primary alkali to be separated from the molecule, and this free alkali then reacts on the molecule and removes some of the silica, forming one or more five-atom rings or pentites, this reaction having been frequently observed by W. and D. Asch in other complex silicates. With strong acids, on the contrary, the alkali is immediately neutralised, and the secondary action is prevented.
The cause of the devitrification or crystallisation of glasses has'long been a subject of investigation and theorising, but without much satisfaction. Groger examined the devitrified glasses produced at a large Austrian works very thoroughly and found that the chemical composition of the amorphous and crystalline portions were identical. Other investigators have also proved experimentally that the theory, which was at one time very popular, that the crystalline portion was more siliceous than the original glass, is untenable, and that no change in composition (as represented by analysis) occurs on devitrification. At the same time the physical properties of the two portions differ greatly; the crystalline portion is less fusible and more soluble in acid than the original glass. The use of the foregoing or analogous formulae enables the cause of devitrification to be explained in accordance with all the experimental evidence available, as the formation of a stable compound from an unstable one by the loss of a simple constituent, such as wollastonite (calcium silicate) and not as a mere rearrangement of the atoms within the molecule as suggested by Pelouze and others.
That an almost endless series of glasses of similar composition may exist is shown by the enormous number of possible isomers deducible from the formulae previously given. The series may be further increased by the replacement of one or more of the silicon rings by a similar ring composed of boron atoms or by the existence of rings containing only five instead of six silicon' or boron atoms.
(6R207'5B2(V6SiO2)2.
In addition to this, the fact that the materials used in the manufacture of glass are seldom quite pure, and therefore introduce other elements into the glass, still further complicates the composition of the material finally produced, and lends much colour to the belief generally held that glasses are mixtures and not definite chemical compounds. A thorough study of the whole of the available experimental evidence appears to indicate that most, if not all, glasses consist essentially of definite compounds of considerable complexity, and that the influence of the so-called impurities in the raw materials is only to increase the complexity of the ultimate compound so far as they are not removed